Abstract. This paper aims to identify key factors related to information management and integration in the supply chain. The initial set of factors was identified in the literature, namely, information quality and content, performance metrics, and information technologies. The construct was then tested empirically using the sample of 200 Polish companies. Computer-Assisted Telephone Interviews (CATI) were based on a structured questionnaire, then, data exploratory factor analysis (EFA) was performed. The conducted EFA determined four main factors for information management and integration in the supply chain that should be considered, namely, information characteristics, ICT used in information management, the scope of information and shared performance metrics. Results confirmed the importance of some of the factors related to information management in the supply chain, however having a different set of variables than indicated in the literature. Additionally, research introduced new factors, namely, information characteristics and the scope of shared information, instead of information quality and information content. Moreover, findings suggested that the key role in supply chain information integration was related to established technologies, focused on transport, customer, and ERP management, while emerging technologies, such as cloud computing and data mining were not of the top importance among the surveyed companies.
Introduction
The concept of supply chain recognises the strategic nature of cooperation between organisations that are involved in moving products and services from suppliers to end customers, typically from the initial raw materials to the ultimate consumption of finished products (Mentzer et al., 2001) , and later, at the end of the product lifecycle (return, reuse and recycle). The concept has received attention from academics and practitioners since the term was coined back at the beginning of 1990s. The need for strategic thinking is of paramount importance for the supply chain to effectively compete in the market (Shapiro, 2004) . One of the approaches that can be implemented in order not to keep supply-chain organisations in isolation and to maintain their performance is information sharing (Li & Lin, 2006 , Fawcett et al., 2007a , 2007b , including information about the demand (Tan, 1999) that gained special importance due to being a prerequisite for customer service improvement across the supply chain. Integration was possible as Information and Communication Technologies (ICT) have been offering advanced data collection, processing and sharing possibilities at decreasing prices. Information is not only a binder that fills the gaps between organisations allowing the multifaceted communication but is an enabler that makes performance measurement a state-of-the-art strategic instrument. In theory, the better data is available, and the more information is precise, the more effective performance can be achieved if linked with the business strategy and operations. Therefore, consideration information characteristics including the supply-chain performance measurement and ICT are key issues explored in this paper (Lohman, Fortuin, & Wouters, 2004) .
Information management within the supply chain consists of the system for acquisition, classification, collection, processing, presentation, dissemination, and implementation of information. Information management involves the basic skills used to generate the knowledge needed to perform jobs, achieve the company's objectives on the market, support relationships, success on the market, and obtain leadership (Szuster & Szymczak, 2016; Chodakowska & Nazarko, 2017) . Information sharing is crucial to supply-chain success, and yet it is one of the biggest areas that need constant improvement. When it comes to co-operation between organisations, many supply-chain professionals admit it is overwhelming as far as communication with those outside the organisation is involved (Jharkharia & Shankar, 2004) . Proper information management in all its extents is the basis for a much better-managed process of the flow of resources and finished goods in the supply chain, allowing supply-chain information integration. If information sharing is limited, awkward, disrupted, inefficient or information is distorted, so is the ability to manage the flows through the supply chain. This results in abnormalities in the functioning of the supply chain, such as the occurrence of the bullwhip effect, mentioning only the most known supply-chain phenomenon (Yu, Yan, & Cheng, 2001) .
Data processing in modern supply chains could be organised to follow the 3V principle (visibility, velocity, versatility) in supply-chain management (Ruhi & Turel, 2005) , i.e. assure transparency, speedy action, and universality. Visibility is focused on resources in general and inventories in particular (inventory visibility). Velocity means the capacity to meet the needs (fulfilment velocity) or fulfil a contract in a short time. Versatility consists of the capacity to collaborate with suppliers and purchasers when faced with various terms-of-delivery (coordination versatility). These could be considered as three pillars of adaptive supply chains. Fulfilment of the 3V principle requires that effective and flexible data processing models be supported by Information and Communication Technology (ICT).
Factors for Information integration were defined based on the literature, then tested based on the data from 200 manufacturing companies in Poland.
This paper is structured as follows, firstly literature on the topic is reviewed, then methodology is presented, the key part of the paper is an analysis of the factors related to information management, then the findings are discussed and compared against the literature. Finally, some conclusions and future research directions are presented.
Literature review
The literature review is separated into the sections that reflect the initial set factors, which were further analysed empirically, it means firstly information quality and content; the following two parts cover information technologies and performance measurement in the supply chain context.
Information characteristics, quality and content
Companies have an increasing need to deal with large volumes of data, both structured and unstructured, that floods businesses daily. Its size and characteristics make it impossible to use existing methods of analysis or available software tools for the management and processing of data. Therefore, Big Data is a current buzzword, similar to earlier concepts, such as Business Intelligence or Decision Support Systems that used to be hot topics. Big Data puts the focus on unstructured data, and the term mainly refers to the (new) methods of data analysis. However, within the concept of Big Data, a 3V formula has been coined that describes characteristics of Big Data (Laney, 2001) , which was then supplemented by another Vs. Now, the expanded 5V formula is as follows (Hilbert, 2016) :
-the volume that indicates the size of data, -the variety that points out various formats from which data comes from (numbers, text, audio, video) ; -the velocity that shows the speed of data streams; -the variability that indicates inconsistency of data sets; -the veracity that points out that data quality can vary greatly. The study by Zhou and Benton Jr. (2007) considers three factors of information sharing: information quality, information content and information sharing support technology. Also, it identifies nine variables to characterise information quality: accuracy, availability, timeliness, internal connectivity, external connectivity, completeness, relevance, accessibility, and frequency of information updating (Zhou & Benton Jr., 2007) . Sharing information within the entire supply chain can create flexibility, but this requires high information quality. Information quality indicates the degree to which the information fits the company's needs (Zhou & Benton Jr., 2007; Campo, Rubio, & Yagüe, 2010) . According to Anatan (2014) , the impact of information sharing is strongly influenced by the quality of information that is shared and quality includes aspects such as accuracy, timeliness, adequacy, and the credibility of exchange. Such variables were also covered by other authors, including Monczka, Petersen, Handfield, and Ragatz (1998) , who has introduced the concept, as well as Whipple, Frankel, and Daugherty (2002) , Moberg, Cutler, Gross, and Speh (2002) , Campo et al. (2010) and Li, Rao, Ragu-Nathan, and Ragu-Nathan (2005) . Fynes, Voss, & de Búrca (2005) drew attention to the following factors in information management: the quality of the communication (accuracy, timeliness, adequacy and credibility), the extent to which critical information is exchanged as well as the extent to which parties are jointly engaged in planning and goal setting. Zhou and Benton Jr. (2007) also investigated the integration of information sharing and the supply-chain practice in the supply-chain management, and their impact on the supply-chain performance, also stressing the role of information content.
Information content is the next important factor of the information management and integration in the supply chain. Li et al. (2005) described information sharing as the extent, to which critical and proprietary information is communicated to trading partners in the supply chain. It is important to share information on changing needs, core business processes, information that helps the establishment of business planning and issues that affect the business (Fiala, 2005 , Lee & Whang, 2000 Sahin & Robinson, 2007) . Information exchanged with partners can be related to some areas of the supply-chain functioning (e.g. production or delivery) or market conditions and customers (e.g. demanding forecasts). Information shared between the supply-chain partners is related to the product, the production process, resources, production order, or the planning process (Montoya-Torres & Ortiz-Vargas, 2014) . The indicators relating to information content concern two areas of information exchange:
-the extent to which important information is communicated to trading partners in the supply chain, such as information on changing needs, core business processes information that helps the establishment of business planning and issues that affect the partners business (Li et al., 2005) ; -information which allows partners in the supply chain improve forecasts, synchronise production and delivery, and coordinate inventory-related decisions (Wu, Chuang, & Hsu, 2014) . According to the literature, information sharing is composed of: information quality (including information sharing time and frequency) and information content, related to the type of information shared. The scale to measure information quality was developed based on two scales, proposed by Li et al. (2005) and Wu et al. (2014) . It includes six variables: timeliness, accuracy, completeness, adequacy, reliability, and frequency of information updating. While the scale for information content includes ten variables.
However, to make information management and integration working, there is a need for tools, which allow sharing of information, ensuring information quality and the integration of the different functions and contents.
Information technologies in a Supply Chain
Information and Communication Technologies (ICT) are of fundamental significance for data collection, analysis, information and knowledge interchange at both organisational and supply-chain levels. ICT allows information and process integration between supply-chain partners. Companies that manage international flows need ICT systems, automation and electronic data interchange which enable the creation of a supply chain at the global level. The role of information technologies is focused on improving the way companies manage their supply chains. Information technology consists of the tools used to gain awareness of information, analyse this information, and act on it to increase the performance of the supply chain (Cho, Lee, Ahn, & Hwang, 2012) . ICT enables supply-chain operations especially under the conditions of globalisation, outsourcing and offshoring. A company can successfully manage the supply chain, achieving the desired effects that boost the supply-chain performance, such as short cycle times, lower inventory levels, quicker responses, better customer service. Even though information technology has costs and risks, it delivers benefits, which can be of strategic, tactical and operational levels. Some benefits are easy to measure, while other, especially strategic, can be intangible (Piotrowicz & Irani, 2010) . Data integration should be implemented within the information structure of the whole supply chain. Research indicates that the level of integration and information sharing are correlated with performance measures rather than with the supply-chain design (Sezen, 2008) .
The technologies used to collect, process and share information in the supply chain include established solutions:
-communication technologies, such as e-mail, instant messaging, online chat and others used over general means of electronic communication (telecommunication networks, Internet, LANs, WANs); -Electronic Data Interchange (EDI) systems that convert business communication on paper into electronic messages that include the same data that would normally be found on a paper document and that can be automatically interpreted and used in internal computer systems without having to make special arrangements; -Enterprise Resource Planning (ERP) systems that incorporate the above-mentioned technologies concerning the integration of various business activities also those dispersed among many business units as these systems are now expanding into business partners. Also, there are new emerging solutions that are applied in supply chains, allowing integration not only in the information flow but also integration between traditional and electronic commerce channels. Those include social media, mobile solutions, big data, workflow management, etc.
Thus, the next important dimension that was analysed in the survey is the use of information technologies in the supply chain. The scale was developed based on Zhou and Benton (2007) . The list of technologies proposed by Zhou and Benton (2007) was extended by most recent information technologies applied in the supply chain context. Variables in the questionnaire (Appendix 1) concern the scale of the use of advanced planning and scheduling software; customer and supply relationship management systems; software used in specific processes and areas (e.g. production or warehousing); and emerging solutions to support cooperation of all partners in the supply chain (e.g. social media, cloud computing, and mobile technologies). Several technologies (such as ERP) also have a built-in function for creating the performance measurement system to define and share metrics between supplychain partners.
Performance measurement in supply chains
Performance measurement enhances the decision-making in supply chains (Balfaqih, Nopiah, Saibani, & Al-Nory, 2016) ; at the same time, it is challenging to design a system that involves several supply-chain partners who might have conflicting goals (Maestrini, Luzzini, Maccarrone, & Caniato, 2017) . To develop a performance measurement system (SCPMS) at the supply-chain level, a common platform should be designed to share information and coordinate processes between organisations (Maestrini et al., 2017) . At the organisational level, each company might use different metrics categories, various individual metrics and definitions of each Key Performance Indicators (KPI). The latter can be based on models, such as the Balanced Scorecard, and SCOR, and integrated further to measure the supply chain. In all cases, there is a need to agree on what, when and how should be measured, how to design SCPMS, and, in the cases where the performance of an individual organisation is shared, to monitor the performance of the supply chain. Such designing includes metrics selection, data capture and analysis, presentation and usage of individual metrics (Cuthbertson & Piotrowicz, 2011) . To complicate the situation further, supply chain members have and use different strategies, goals and performance metrics (Beamon & Balcik, 2008) , so the SCPMS has to be designed jointly by business partners to measure both the supply chain and the organisational performance (Piotrowicz & Cuthbertson, 2015) . Organisations must collaborate on defining performance metrics (Ramanathan, Gunasekaran, & Subramanian, 2011) and agree how to describe, calculate, share and use metrics at both strategic and operational levels. Moreover, there should be the alignment between the organisational strategy, the functional supplychain strategy and practices (McAdam, Hazlett, & Galbraith, 2014) .
Strategic level performance metrics. Performance measurement is related to strategic goals and intent (Morgan, 2004) . To reflect this connection, there should also be a link between organisational strategy and performance metrics (Neely, Gregory, & Platts, 1995; Piotrowicz & Cuthbertson, 2015) . In one supply chain, there might be conflicting or unaligned goals between partners, or reluctance to share sensitive information. Nevertheless, to monitor common strategic goals, performance must be aligned with strategy, and then shared between supply chain partners at strategic and operational levels.
Operational level performance metrics. There should be a clear division between metrics at each organisational level (Gunasekaran, Patel, & Tirtiroglu, 2001) , as individual managers should understand links between metrics and operations under their control (Brewer & Speh, 2001) . The implementation of the SCPMS influences operational performance at the company level (Maestrini et al., 2017) as strategy drives, but at the same time is influenced by operating standards (Morgan, 2004) . Thus, to link and monitor organisational processes at the operational level, there is a need to share operational metrics.
Based on the literature in the questionnaire, three questions that reflect key constructs from the literature were included; performance metrics sharing at strategic and operational levels, and on collaborative metrics definition (Appendix 1).
When the performance measurement system is designed, information from partners should be shared and data from different sources integrated (Maestrini et al., 2017) . Performance measurement systems are supported and enabled by ICT, both traditional and cloud-based solutions. In the SCPMS, there should be a data capture and analysis system in place, linked with the ERP, tracking, operational and analytical applications in both organisations (Cuthbertson & Piotrowicz, 2011) .
Based on the literature overviewed in the earlier sections, the research aims to identify the factors that are influencing information management and integration in the supply chain context starting from four groups of factors identified in the literature, namely
1 
Data and research method
The research was conducted using the CATI (computer-assisted telephone interviews) technique. Interviews were conducted with the management staff following a structured questionnaire; the work was based on the positivist paradigm. The research sample consisted of 200 Polish companies (located across Poland) employing 50 or more employees, of which 63% were medium-sized enterprises employing less than 250 employees, and 37% of large enterprises employing over 250 employees. Companies represented four sectors of the economy: automotive, food, furniture as well as consumer electronics and household appliances, which are among most advanced sectors of the Polish economy. The research sample was selected randomly using the quota sampling method (Table 1 ). The percentage of denials or unsuccessful contact attempts amounted to 81%. The questionnaire consisted of 29 variables, six focused on information quality, sixteen on information content, three on performance metrics, while ten referred to the use of information technologies (see Appendix 1 for the full list). Questions were listed in the questionnaire separated into groups related to information and technologies, but not according to the factors. The Likert's seven-level scale was used in the questionnaire to evaluate each indicator: from "strongly disagree" to "strongly agree" in case of items related to the assessment of information and performance metrics in the supply chain. In the case of items referred to the use of information technologies, the choice was from "not used at all" to "commonly used".
To identify the structure of the data, the Exploratory Factor Analysis (EFA) was performed. The Exploratory Factor Analysis is used to statistically explore the number of factors that best fit the data. The EFA aims to obtain a minimum number of factors that contain the maximum possible amount of information contained in the original variables used in the model, having the greatest possible reliability (Rossoni, Engelbert, & Bellegard, 2016) . The use of the EFA allows the identification of a small number of latent variables (factors) that cannot be measured directly but are presented by observable indicators (Jung, 2013) . Data were analysed using the IBM SPSS Statistics version 21.0.
The Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy was 0.85, indicating a good sample size. The Bartlett's test of sphericity was significant (χ 2 (406) = 2538.261, p < 0.000), which indicated that the variables were correlated enough for the EFA analysis, i.e. they were bigger than the suggested minimum values of 0.5 (Field, 2009 ) and 0.6 (Tabachnick & Fidell, 2013). The number of factors to retain was decided using the Kaiser rule (retain factors with eigenvalues higher than 1) and scree plot analysis (Cattell's scree test). The analysis was performed using the Principal Axis Factoring and Varimax (orthogonal) rotation method. The analysis returned four factors, which explained 55.74% of the total variance. When considering the factor loadings, items with the factor loading lower than 0.50 were excluded. Typically, such loadings were notably greater than recommended 0.40 (Nunnally & Bernstein, 1994) .
The following section presents results of the EFA analysis.
Factors relevant to the supply chain information management and integration
The final rotated factor matrix for the EFA is presented in Table 2 . The use of EFA enabled the identification of four factors related to information management in the supply chains, namely: 1. information characteristics, 2. ICT used in information management, 3. the scope of information shared, 4. the performance metrics shared across the supply chain. The final set of factors differ from the initial list created based on the literature (Figure 1 ). The analysis indicates that while two factors remain the same (performance metrics and information technologies), two further should be regrouped; in addition, the order of importance also changes (Figure 1) . The new set of factors is as follows.
Factor 1 "Information characteristics" relates to variables emblematic of sharing information between partners in the supply chain about issues that affect the business and about core business processes as well as the quality of information shared, i.e. its completeness, accuracy, adequacy, reliability, timeliness and frequency of information updating.
Factor 2 includes six variables that are focused on technologies supporting information exchange and advanced planning and scheduling in the supply chain (information systems and technologies that enable collection, processing and transmission of current information) and, therefore, it was labelled "ICT used in information management".
Information sharing is supported mainly by Transportation or Warehouse Management Systems (TMS and/or WMS), Customer Relationship Management systems (CRM), Advanced planning and scheduling software (including ERP), Mobile technologies, Supply Relationship Management (SRM) systems and Manufacturing Execution Systems (MES).
Factor 3 contains four variables addressing visibility of production, delivery, sale and inventory data to all partners of the supply chain. The factor was named "Scope of information shared".
Finally, Factor 4 relates to performance metrics shared across the supply chain -metrics at the operational and strategic levels defined collaboratively and shared across the supply chain. The factor was labelled "Performance metrics shared". The reliability analysis for each extracted factor (measurement scale) was made using the Cronbach's alpha. In all cases, the Cronbach's alpha was higher than 0.60 -the Cronbach's alphas were 0.88, 0.80, 0.83 and 0.91 for Factors 1, 2, 3 and 4, respectively. The Cronbach's alpha was greater than 0.6, especially with a small number of questions, which means that End of Table 2 the set of observable variables (measured directly on the Likert scale) is a reliable instrument for latent variable measurement. All the developed scales demonstrated reliabilities above the recommended threshold range of 0.6-0.7 (Nunnally & Bernstein, 1994) .
Discussion
The use of the EFA enabled the identification of four factors (Table 2 ) related to information management in supply chains, answering the Research Question 1 as well as key variables within each factor (answering RQ2).
Factor 1 "Information characteristics" is composed of two aspects of information flow across the supply chain indicated by Li et al. (2005) : the level of information quality and the level of information sharing. In the article by Li et al., these are two separate aspects of the supply chain management practice undertaken in an organisation to promote effective management. Information quality relates to such elements as timeliness, accuracy, completeness, adequacy, and reliability. Information sharing relates to the extent to which critical information (on changing needs, core business processes, information that helps the establishment of business planning and issues that affect the business) is communicated in the supply chain. The developed single factor is consistent with the suggestion of the authors that information sharing, and information quality can be combined into information management (Li et al., 2005) . Thus, it is hard to separate quality from the type of information.
Factor 2 "ICT used in information management" was introduced based on the analysis. It was formed from the extension of the proposal formulated by Zhou and Benton (2007) who defined information sharing as "Information quality", "Information content" and "Information sharing support technology" that focuses on the advanced manufacturing technology and emerging supply chain management ICT applications supporting warehouse management, transportation management or supply chain execution management. According to the results of the conducted Exploratory Factor Analysis, Factor 2 included six items that focused on technologies supporting information exchange and advanced planning and scheduling in the supply chain: TMS and/or WMS, CRM, advanced planning and scheduling software (including ERP), mobile technologies, SRM and MES. Nevertheless, the results of research show new technologies and possibilities of data exchange, such as Groupware and Workflow Management Software. Social Media Data Mining and Big Data, were excluded; consequently, they were still not very popular between supply chains partners as key technologies.
Factors 3 and 4 were based on the proposal initially formulated by Wu et al. (2014) . Authors used "information sharing" to describe the factor which took into consideration such issues as:
1. Inventory data are visible to all partners in the supply chain. 2. Production and delivery data are shared across the supply chain. 3. Actual sale data are visible at all partners in the supply chain. 4. Demanding forecasts are shared across the supply chain. 5. Performance metrics are shared across the supply chain.
Research results show that this factor can be divided into two factors named "Scope of information shared" that is associated with visibility of production, delivery, sale and inventory data to all partners in the supply chain; and "Performance metrics shared" that contains items related to the exchange of information on performance metrics -the identification of this factor emphasises the importance of collaboratively defining performance metrics and sharing them at the operational and strategic levels.
The four factors identified as a result of the analysis are: 1. Information characteristics, 2. ICT used in information management, 3. The scope of information shared, 4. Performance metrics shared across the supply chain. Such four factors are related to information management, which at the same time are consistent with the information visibility, one of the key factors listed as important in the supply-chain context. Visibility is the first pillar of the 3V formula by Ruhi and Turel (2005) .
Conclusions
The dynamic progress of technologies facilitating the accumulation, processing and transfer of data allows transformation of traditional supply chains into extensive supply networks characterised by complex interactions between organisations. The achieved performance and competitiveness of supply chains largely depend on common planning, problem-solving, and information sharing. Proper information management is the basis for a proper process of the flow of resources and goods in a supply chain. If information sharing is limited, disrupted or inefficient ability to manage the flow through the supply chain is much lower.
The theoretical contribution is related to testing a literature-based model using empirical data from four sectors. As a result, the construct of the factors was modified. According to the conducted Exploratory Factor Analysis, four main factors should be considered in data management and integration of supply chains, namely, information characteristics, ICT used in information management, the scope of information shared, and performance metrics shared across the supply chain. Factors relate to basic elements in sharing information between supply chain partners: information completeness, information accuracy, information adequacy, information reliability, information timeliness and frequency of information; hence, updating and the basic scope of information shared, i.e. the visibility of production, the delivery, sale and inventory data, to all partners in the supply chain. Information exchange should be supported by information systems and technologies (ICT) that enable the collection, processing and transmission of information. Information management is essential for the decision-making in supply chains; so, the last factor relates to performance metrics at the operational and strategic levels shared across the supply chain. Four identified factors related to information management are consistent with the first requirement of the 3V formula, i.e. are related to visibility focused on resources. However, further work is required to identify ways the visibility influences the velocity and versatility, meaning the inventory management and cooperation with suppliers. The results of the factor analysis will be used in the future to develop the structural equations model. The research is a part of an ongoing focus on the important investigations on the development and evolution of supply chains: the Supply Chain Performance Measurement evidently supports the process of continuous improvement and increased efficiency. Further work should test the factors using data from different sectors and regions, allowing comparative studies. Qualitative research of both single and multiple case studies will allow a deeper understanding of how, when and about what information is exchanged as well as to understand more about the process of metrics selection and definition.
Besides, research has practical implications. Firstly, the quality of data is related to the content; therefore, it is important to look at issues related to completeness, accuracy and other quality properties of information as well as the content of what is shared. High-quality information has little value from the business point of view just as low-quality information on important issues. When looking at the use of ICT, the results indicate that organisations should firstly focus on already established technologies, while those at an emerging stage have no key roles; however, this will likely change over time. Findings also confirm the importance of joint performance metrics, which should be jointly defined, and then shared between supply chain partners.
Research has limitations. Data were collected from four manufacturing sectors of Poland (automotive, food, furniture, and consumer electronics), findings were limited to national and sectoral context. Another issue is related to translation, as data were collected in the Polish language, some terms might be interpreted differently by respondents. Future work should investigate companies from different countries, regions, manufacturing and service sectors. Another limitation is that the set of the factors included in the questionnaire were applied from the selected papers only. Authors have selected factors and related variables; however, some were not included. This creates an opportunity to test and modify the model, which can be extended further by testing additional factors, both identified in the literature as well as from the qualitative fieldwork.
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